The fine structure of the lines of the H2 spectrum which go down to the n states B y E. W. F o s t e r a n d S i r O w e n R i c h a r d s o n , F.R.S.
This analysis is due to Richardson & Davidson (1931 , 1933 , Sandeman (1932) , Richardson, Davidson, Marsden & Evans (1933) and to Richardson & Rymer (1934 a, 6 ). I t is based almost entirely on the wave-number and intensity tables of Gale, Monk & Lee (1928) , the only ones which are both complete and accurate enough for the purpose. Now the present experimental work has introduced a new factor into this business. We find th a t all the structures in the bands ending on 2 z17 which have hitherto been regarded as single lines are, in fact, multiples with a t least two members. The separation of these 'doublets' is not constant, but in most cases the components are clearly resolved on our plates. Examples illustrating these state ments can be recognized on plate 4 of Foster & Richardson entitled 'The fine struc ture of the spectral lines of H 2: measurements with a reflexion echelon', and lists of such examples are given in the footnotes on p. 159 of th a t paper which we shall refer to subsequently as Paper I. I t follows th at the wave-number differences, such as Q 1 -P 2, etc., which we have been using, are not really numbers character istic of the differences of certain energy levels of the states but are differences of sums of the energies of at least two such states, weighted in proportions determined by intensity factors in a way which is irrelevant and disturbing to the elucidation of the energy-level differences which should be the really constant quantities.
The logical course to pursue in these circumstances would be to abandon the existing Q 1 -P 2, etc., differences and to replace them by similar differences of corresponding components. A part from the difficulty at this stage of being quite certain which are the corresponding components, it would seem th at the results would be of no immediate use in furthering the elucidation of the H 2 spectrum, as even now all the available experimental data relate to what are very probably incom pletely resolved lines. For these reasons we have postponed this task for the time being and adopted a course more likely to be of immediate service in the reduction of the spectrum.
The work of Richardson & Rymer (1934 a, b) shows th a t there are band systems ending on 2 p 3IJcd in the extreme violet as well as in the red and near-red p art of spectrum here dealt with, and it is likely th a t there are numerous band systems ending on 2p3TI which are still undiscovered in various parts of the spectrum. Even in the near-red, some of the few still unclassified lines look like 2pzTl 'doublets'. I t is probable th a t the Q 1 -P 2 and similar differences, got with resolution like th a t of Gale et al. in which the ' doublets ' are not resolved, are constant enough for reducing data obtained with the same resolution, even if they are not strictly constants at all. Moreover, if they should ultimately not turn out to be constant but to show small systematic deviations of an ascertainable nature, th a t fact might well prove an im portant clue to the interpretation of the fine structure of the lines.
Having determined the wave numbers of the doublet constituents and measured the ratios of their intensities, the optical centre of the equivalent line with the doublets unresolved can be calculated.
However, we cannot strictly claim to have measured our intensity ratios directly. In a few instances the strengths of the a and b components were photographically the same. In these cases the equality of the blackening was checked, using a micro photometer (designed by W. H. J . Childs). Knowing the approximate position of the components relative to the position of the maximum of the intensity envelope and knowing the form of the envelope, the intensity ratio could be calculated. In the majority of cases the photographic intensities of a and b were not equal. In these cases the intensity ratio was estimated visually (with or without micro photometer traces) and a correction was applied for the envelope effect. In several such cases where photographic intensities were nearly the same the final corrected intensity ratios are probably fairly close to absolute values. In other cases the determinations suffer more from the shortcomings of visual intensity estimation. However, since the separation of all the doublets is of the same order the error in the wave number of the 'equivalent line' is largely offset (in these cases where the intensity ratio is comparatively large) by the comparatively small weight to be attached to the weaker component.
In view of all these considerations we decided to redetermine the 'constant differences ' of the Q 1 -P2 type by building up the composite lines from ou and wave-number data for the resolved constituents. In doing this, we expected to get more accurate determinations not only on account of our more accurate measures but also because our superior resolution enabled us to eliminate the effects of numer ous blends. In many cases their actual presence had been only a theoretical inference, not an observational fact, and the extent of the interference was often uncertain as the relative intensities of the blended lines were only roughly calculable.
The reason for introducing this examination and revision of the existing differ ences a t the outset is not because we believe it is the most im portant result of the paper but because it is also a convenient, compact and critical way of assembling data necessary to establish other conclusions arrived at.
A knowledge of the notation used in connexion with the bands ending on 2 317cd will be assumed. I t is given in Richardson & Davidson (1931, p. 658) and also in Richardson (1934, chapter vni) . The alternate weaker lines, a characteristic feature of all the bands which arise from transitions between the s levels, are distinguished by dashes, as Q' 1, P ' 2, etc. The data for the undashed lines, such as R 0, 1, P 2 , etc., are given in table 1 and those for the dashed lines in table 2. There are no combinations between dashed and undashed lines. The following notes will probably be helpful in interpreting the tables.
As already pointed out above, the first use we shall make of the material in tables 1 and 2 is to recompute the rotational differences of the 2p levels using the new echelon data. The results for the a terms are given in table 3 and those for the s terms in table 4.
I t is difficult to make general statements about the accuracy of the values given in these tables. I t is doubtful if it is as high as the agreement of many of the figures might suggest. In the first place, it often seems higher than the tolerance figures in tables 1 and 2 would lead us to anticipate. In the second place, individual agree
The fin e structure o f the lines o f the hydrogen spectrum 177 178 E. W. Foster and Sir Owen Richardson ments are often surprisingly good and in other cases unexpectedly poor. However, it seems certain th a t they are better in general than the old values got from the unresolved composite lines, and th a t it will be safe to substitute tables 3 and 4 for the corresponding parts of tables LXXVI and LX X V II of Richardson (1934) . In doubtful cases, probably the best course would be to compromise by averaging the two values.
Fewer term differences are represented in table 3 and 4 than in the old tables. This is mainly because many of the weaker lines do not appear in the echelon patterns.
An examination of table 3 suggests quite definitely th a t the frequency differ ences Qm -P(m + 1) are not exactly equal to the differences R(m) -Q{m -t-1). The differences between the mean values of the 1) and those of the R(m) -Q (m + 1) are larger than what one would expect to arise from the effect of the chance errors which operate within the individual groups. There is also evidence of a systematic change in the differences of the weighted means with K values in each band and with vibrational frequency on passing from one band to another. On the whole, the evidence for the reality of these differences is greatest where the observational data seem to be most satisfactory.
Apart from inferior resolution which might obscure them, there is no reason why these differences should not be found in the data in the older tables, such as Richard son (1934) . The means 8vR from these tables are set alongside those of 3 and 4 in table 5. The close resemblance between the differences of the 8vF and 8vR throughout table 5 can hardly be entirely accidental.
Having compiled these figures, it is of interest to see whether there is any evidence of systematic difference between 8vF and 8vR. From the data in table 5 we have deduced the following information about the values of 8vF-8vR: for the Q{m) -P(m + 1) and R(m) -+1) differences there are fifteen negative values, total -0-4255 cm.-1, average -0*0284 cm.-1, and seventeen positive values, total +0*6858 cm.-1, average + 0*0403 cm.-1; the average of all thirty-two of these values is +0*00813. For the Q'm -P(m + 1) and R'(m) -Q'(m+ 1) differences there are nine negative values, total -0*314, average -0*0349, and ten positive values, total +0*231, average + 0*0231, the average of all nineteen values being -0*00437. The average of all the fifty-one values of 8vF -8vR is + 0*00347.
The only evidence of systematic variation in these figures is the positive average value for the undashed and the negative average value for the dashed line difference^. This is probably caused by the fact th at the undashed lines are on the average three times as intense as the dashed lines. The small positive residue for the whole fifty-one pairs of lines is about what would be expected from the larger number of undashed pairs.
If the apparent difference between the final terms of the fines coming from the Tlc, 4 levels on the one hand and the TIa, levels on the other is real, it should throw valuable light on the selection rules governing the fine-structure components of 2p 317. If there were no fine structure such a difference would appear to be impos sible, as has been assumed hitherto in the analysis of the 2p zIIcd levels. However, the observational evidence we have so far presented cannot be considered as con clusive, so we shall postpone the further consideration of this issue until more evidence bearing on it has accumulated.
. T h e f i n a l
(Q(m) -P(m + 1), e t c .) a a n d b
DIFFERENCES CONSIDERED SEPARATELY
So far we have been concerned principally with the unresolved lines as measured by previous observers or with the corresponding equivalents built up from our measures of the wave numbers of the resolved constituents and our estimates of their relative intensities. Our main object in this has been to eliminate the effects of overlapping lines which it has not hitherto been possible to allow for. This has been done largely with a view to increasing the reliability of existing tables as tools for future use.
When facing the ultimate interpretation of the data, one would expect to reach the goal more rapidly by operating with the a and b constituents separately rather than with the composite lines out of which they are built up. In any event, one can hardly hope to obtain a satisfactory comprehension of the whole without a good understanding of the operation of the parts. We have, therefore, extracted from tables 1 and 2 the differences Q(m) -P(m+ 1) for the a (higher frequency, more intense) and b components respectively. These are set out in table 6 (undashed lines) and table 7 (dashed lines). Only the decimal parts of the wave-number differences are given; the integral parts are the same as those for the composite lines (tables 1 and 2).
In assessing the data in tables 6 and 7, it is to be remembered th at they refer to pairs of lines which are not arbitrary, but the choice of one determines th at of the other. This limitation greatly reduces both the number and accuracy of the data. A line measured very accurately may be quite useless because its partner is, for one of a variety of reasons, incapable of measurement. On the other hand, any 'b a d ' line destroys nearly all the virtue of a ' good ' line with which it is associated. The reliability of any pair is little better than th at of the less reliable component.
From examination of tables 6 and 7, the following conclusions may be drawn:
(1) The a differences are in general not the same as the b differences.
(2) The Q(m) -P(m + 1) differences are in general not the same as the
differences, either for the a or 6 components or for the combination of them which makes up the composite line hitherto observed. This statement about the combination also confirms the conclusion already drawn from the data for the unresolved lines. The 
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Notes on tables 1 and 2 1. The figures given for 'tolerances' in column 9 are those given in column 7, table, 3, Paper I; the method of deriving them is explained in the general notes to table 3, Paper I.
2. The figures of column 12 for weighting the zly's should be a simple function of the corresponding figures of column 9, but in actual fact they were not compiled from those figures but were based on a second review of the data and thus form an independent set of estimates, and these figures have been chosen for the final weigh ting for computing mean splittings of the different levels (table 3) . 
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differences of the a and b values of vF in column 8. The weights 0-6 in column 12 divide* the AvF s of column 11 into seven groups such th a t we should expect th with the same number to have about the same accuracy, those with the highest accuracy having the highest number (6).
6. Column 13 gives the ratio of the intensity of the component a in column 8 to th a t of b. These are mostly eye estimates, but some were based on photometric measures. We believe th a t this relative accuracy is fairly assessed by the series of numbers 0-6 in column 14 in the same way as those in column 6 represent the accuracy of the splittings.
7. The mean wave numbers vF in column 10 are the v for the wave numbers of the composite lines from our measurements of the vF & of the components in column 8 using the intensity ratio I {alb) given in column 18. These are not always the same as our observed ratios given in column 14. Some of the observed ratios are known to be wrong owing to various causes. We have made an attem pt to eliminate the effects of these in the values given in column 18 which differ from those given in column 13. Unfortunately, it is often difficult to find out to what extent we have been successful in this. The 'standard' 8vR values in column 17 are the weighted means of all available 8vr values for the same pairs of final rotational levels published in Richardson & Davidson (1933) .
9. When the letters u.d. occur in these tables, they replace one of the following expressions in the table in its original form: 'unreliable d a ta ', 'not measured', 'probably double', 'no useful d a ta ', 'not observed', 'nothing due to this line ob served', 'too weak to have visible effect on p a tte rn ', 'not measured, probably double ', ' only one component observed, too faint to be sure of detail '. These phrases have different meanings, but the main point for the purpose of this paper is the effect of what they express on our measured or estimated numbers, and this has been taken into account in estimating the weights and tolerances in the relevant columns.
10. The letter 'U .' in these tables means 'unresolved' and 'o.c.' means 'setting on optical centre'.
11. In a few cases tolerances are not quoted in column 9. In these cases reference should be made to table 3, Paper I.
12. For discussion of the asterisked A Fs of colum discussion in Paper I, p. 159.
{End of notes on tables 1 and 2) (< continued fr p. 179) (3) There is only one case when values of R'(m) Q'(m +1) and + 1) are available for the same m (for m = 1 in the 2-2 bands), sponding statem ent to (2) for the dashed transitions is applicable.
(4) If by Q{m) -P(m + 1) a and Qm a and 6 differences and so on, then Q l -P 2 a > Q l -P 2 b , R \ -Q 2 a > R l -Q 2 b , Q2 -P 3a< Q 2 -P3b, Q3-P 4 a > Q3 -P4b, There are three cases in the 2-2 and 3-3 bands which show small differences on the wrong side of these inequalities, but they are all doubtful; otherwise, they apply without exception to the results for all the bands, 0-0, 1-1, 2-2 and 3-3, for which data are available.
(5) For the dashed transitions the data are much less numerous and also less representative. There are seven examples of R 'l -Q'2 a and 6 for all of which P 'l -Q'2a is < R '\ -Q'2 6. The rest consist of one example each of which
fo of Q'2 -P'3, for which Q'2 -P'3 a is > Q'2 -P'3b and of R'3 -Q'4 for which P '3 -
Q' 4 a is > R'3 -Q ' 4 6. Thus in nine out of the ele are in the opposite sense to those for the corresponding undashed transitions. I t looks, therefore, as if there is in the main a reversal of sign of these inequalities in the dashed as compared with the undashed transitions. The two exceptions both occur in the 2-2 bands. There were three rather dubious exceptions to the general state ment in the undashed transitions, all in the 2-2 and 3-3 bands. I t may be th at the rule only applies strictly to the lower vibrational levels and is tending to break down a t the higher levels. The evidence is too scanty to say more than this.
(6) There is also evidence of another regularity when we compare the R, Q(m) -Q, P(ra +1) a and 6 differences which come from the 3dzITd, ZTI bands with the Q, P(m) -R, Q(m + 1) a and 6 differences which come from 3 d zE ,T IC , given in table 6 we have:
0^0 bands R I -Q 2 a -Q l -P 2 a = +0-038, P l -£ 2 6 + # l -P 2 6 = +0-027 Q2 -P3 a -R2 -$3 a = +0-0 1^1 bands P l -^2 a -Q l -P 2a = +0-017, P l -£ 2 6 -# l -P 2 6 = +0-007 Q2 -P3 a -R2 -#3 a = +0-009, # 2 -P 3 6 2h>-2 bands R l -Q 2 a -Q l -P 2 a = +0-037, P i -£26--P 2 6 = -0 021 Q2 -P3 a -R2 -Q3a = + 0-008, Q 2 -
a -P2 -#3 a = -0-018, £ 2 -P 3 6
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In each band the value is highest for R \ -Q2 P 2 a and proceed through
The average of all four values is highest for the 0 -^0 bands and lowest for the 3 -> 3 bands, where it becomes negative. In the 0->0 bands three values are positive and one negative, in the 1 -> 1 and 2 -> 2 bands two are positive and two negative, and in the 3-^3 bands three are negative and one unknown.
In the dashed transitions it is likely th a t something like this occurs with the sign reversed, but the data are too scanty to test it satisfactorily.
(7) The data are very restricted when one wishes to use them to combine the results for the dashed transitions with those for the undashed. There is, however, one dashed rotational difference which follows right through the vibrational sequence 0-» 0 to 3 -> 3, namely, th a t of the .R'l -
Q 'values. If t next mean
R 2 -Q3 values for the same v'v" the results shown in table 8 are obtained This shows that, a t least so far as this one available example is concerned, when the data are combined in this way: (a) the alternations with successive vibrational quantum numbers disappear, (b) the gap between the a and b differences is much reduced, and (c) it tends to disappear with increase in the vibrational quantum number. The discrepant value from the 2 -> 2 band may arise from the b value for which the calculated R 'l -Q'2 difference and the observed R2 -Q3 are probably less exact than the others.
(8) The value *079 of the decimal part of the 0-> 0, R 2 -Q3b difference (table 6) seems high. I t is just possible th at the b component of the R2 line is split by a perturbation and th a t the unassigned structure (n) (wave number -052, intensity ratio 1: see table 3 of Paper I) is really part of it. In th at case the value 0-079 would be reduced, possibly to as little as 0-043, depending on the exact value of the intensity ratios of the components ( ), (m) and (n) of 16834-27 (10) G. If this interpretation of the pattern could be established, important results would follow.
Having completed what may be termed the empirical analysis of the data, we shall now proceed to attack the problem in another direction.
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I t is evident from tables 1 and 2 th a t the m ajority of the lines starting from 35 and the complex 3 d Z U , IIcd, Acd and ending on 2p zIIcd are each split tion of the echelon into two components a and b, a having the higher frequency and also the greater intensity. The evidence is complete enough to be convincing th a t this statem ent applies to all lines ending on 2p zIIcd. Where only one component appears, this is always due either to the conditions not being sensitive enough to make the weaker component visible, or, owing to the doublet separation being different for different lines, in a relatively small number of cases the components are not clearly separated with our resolution, the doublets appearing as single lines of abnormal width.
The largest doublet separation we have observed is about 0*22 cm.-1, the smallest about one-third of this amount.
From an observational point of view, the lines (and doublets) divide themselves into two groups according to the properties of the components. We have called these the regular and irregular group respectively. There is no very sharp rule of demarca tion for every line, but most of them can be picked out by inspection. The regular group has a considerably greater average doublet separation. There are several well-authenticated examples with Av not much under 0*22 cm.-1, very few have Av less than about 0-14, and it is doubtful if the measures for any of these are to be relied on. In the irregular group there are no reliable A greater than 0*18, bu t values as low as 0*06 and 0*08 seem well secured. The two groups also differentiate them selves by the values of the intensities of the components. In the regular group, the estimated values of I(a/b) practically all lie within the limits 3*0 and 1*9, most of them close to 2*4. The four values outside the limits 3*0 and 1*9 are probably all doubtful. The range of /(a/6) in the irregular group is much greater. There are several well-secured values a t or close to 5*0 and 0*8 and a few cases, not very secure, of values outside these limits. I t will be shown below th a t the division into the regular and irregular group can be related to the symmetry properties of the states 2 zIIcd.
Before going further, it will be convenient to have before us a table of all the splittings and intensity ratios which have been observed. These, followed by our estimated weights, for Av and I(a/b), together with the classified transitions and va values are assembled in table 9.
The following discussion is mainly a first-order treatm ent which neglects any fine structure th a t may exist in the upper states ZU and 3d ZZ, IIcd, Acd and attributes all the effects so far observed to the fine-structure components of the lower states 2 p zH cd. This mode of treatm ent is justified as a first approximation by the following considerations:
(1) Almost all the lines which so far have been found to have any directly per ceptible fine structure are lines which end on 2 zIIcd. The number of others is no greater than might be expected to arise from unidentified blends. To the extent th a t the separation of the upper levels can be considered negligible all the measured separations will be due to the lower final levels. W ithin this limita tion the properties of the regular group are those of 2 377c and of the irregular group they are those of 2 p zTId. I t will be seen from table 9 th a t the separations are fairly constant for the regular doublets. In the 0->0, 1-4-1, and 2-> 2 bands, however, there is evidence of a tendency of A v to fall slowly as K" increases from 0 to 3 and this is followed by sharp drop a t K" about 4 or 5. In the 3-4-3 bands this tendency of to change with K" seems less marked. For the irregular doublets the suggest similar tendencies but the average separations are much smaller. The reduction of is mainly a t the low K" end where the values are highest.
In the regular doublets the intensity ratio /(a/6) shows little systematic variation from about 2*5, but here again there seems to be a suggestion of a slow fall from K" = 1 to 3 followed by a sharper drop a t K" -4 for -0 to 2 with the 3-4-3 band behaving differently. In the irregular doublets /(a/6) falls from about 6-0 to about 1*0 as K " increases from 1 to 4 at each value of v".
There is some difficulty in assessing the true trend of the real values by inspection of a compilation like table 9, as there is a very great variation in the reliability of the different determinations. This is shown by the fact th at the weights, both of the Av's and of the /(a/6), cover the whole possible range (0) to (6) assignable.
We have endeavoured to eliminate this by forming a weighted .mean of each determination of the same quantity by weighting them in the proportion of the weight assigned in table 9 and giving the result a weight equal to the sum of the original weights. The final weights will give some sort of basis for comparing the weight of evidence behind all the data. The result of this is given in table 10. We will leave the numbers in this table to speak for themselves.
. I n f l u e n c e o f t h e u p p e r s t a t e s o n t h e d o u b l e t s e p a r a t i o n
If there were no fine structure in the lines, the energies of the initial and final states could be expressed respectively by Tc') and F" (v", K") where v', K ' and v", K" are the vibrational rotational quantum numbers of the levels. As we have seen the final states a t least are double so th at each F" (v", K") has two values which we may denote by Fe (v"K") and F " f i v " K F " t < F"j. This will double of lines, each single line now being replaced by a doublet with separation F"f -F ".
Confining discussion to the simplest case likely to be detectable with the resolution at present known, suppose the upper levels are also double with energies expressed by F'e(v'K') and F'f {v'K'), F'f > F ' e.Each of the previous doublets another doublet, the whole forming a quadruplet whose components have frequencies, omitting the v"s and K "a for brevity, (1 the order of v decreasing. With the present resolution, this quadruplet will appear as a doublet, and the mean frequencies of the two components will depend on the transition probabilities between the upper and lower fine-structure levels e and /. If the transitions are e->/, e->e a n d /-> e ,/-> /, the transitions of each pair having equal probability the observed doublet will have components of frequencies \{F'f -F l + F'e-F "e) and and the doublet width will still be F"f -(a). If, however, the transitions are e-b-e /<± e and f \ > f ' comPonen^ frequencies are F'f -F"e and F'e-F"f and the doublet width F"j -F"e + F'f -F'e(b); if they are an<i ^, the component frequencies are F'f -F"f and F'e -FI and the doublet width F'f -F'e -{F"f -FI) (c). In general the doublet width observed can have any value between (6) the sum of the separa tions due to the energy differences of the initial and final levels and (c) the differences between these separations, according to the probability distribution of the transi tions e and e e, /-> /. The lesson of this for present purposes is th a t if one wishes to get beyond a first approximation in the treatm ent of the energies of the fine-structure levels of 31T the effects of the fine structure of the upper states must be elim inated, as these may, possibly, be comparable with the changes in the states which are under investigation.
The variation of Av with K"
The magnitude of the doublet width of any of the lines under consideration can be put in the form F"j -P" + a (Ff-F'e) , where a is a function of the transition prob abilities from the fine-structure levels of the upper to those of the lower state, a may be either positive or negative. We assumed th a t it is independent, to a sufficient approximation, of the difference of the quantum numbers of the final states F" to which the expression is applied. Otherwise, the following argument requires reconsideration.
In this notation the doublet width of any R{K) line, for example, may be written
is the change in the width of fine-structure levels of the final state at = as changes to K -2. There is not a great wealth of material to apply this to. W there is is set out in table 11. The regular i?l -P3 values which are almost complete show a steady falling off of the separation as v" increases from 0 to 3, the mean values, for what should be the same quantities, being: at 0-»0, + 0-039, at 1 -> 1, + 0-038s, at 2 -> 2, + 0-028; and at 3 -> 3, 4-0-0115. The values (one each) of -4 and P3 -P5 show th at the R{K) -P(K + 2) differences increase with increasing K ".
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The figures for the irregular levels point to a much greater separation of the finestructure levels a t P 2P 4 than a t R 'IP '3 , and suggest th with increasing K" extends to these levels, th a t is to say to 3ITd, also. The data are not very different from what would be obtained if the energy of the levels giving rise to the fine structure consisted of two parts, one proportional to the rotational energy of the molecule and the other independent of it. The rotational energy will be roughly proportional to K 2. If this were exact, the energy differences for P i, P 3 :R '2 , P ' 4 :P 3 , P5 would be as 2 :3 :4 . For 3', 3", P 1P 3 which would give a computed value for 3', 3", R '2 P'4, of + 0*0173 as against the observed ? + 0-026 and from 1', 1" P I , P3 = + 0*0385 we calculate 1', 1 " P 3 -P 5 = +0*077 as against ? +0*072 observed. These agreements are as close as the experimental results would justify expectation, and the data would hardly w arrant an attem pt to refine the theory further. Frequency differences such as those of P I -P3 eliminate the effects of differences in the energies of the fine-structure levels which do not depend on K and so disclose nothing about their magnitude.
Something may be said about this if one turns back to the doublet separations Av and forget about their differences for the time being. Actually these are greatest for the smallest K values (table 10) and diminish as K increases. If the p art of the energy difference of the fine-structure levels of the upper level which is independent of K is denoted by a' and the corresponding quantity for the lower level and b " ( K " ) similarly denoting the parts which depend on K , then
An examination of the data shows th a t the b'
. This a t any rate seems to be what happens at v" = 0 or 1 where the data are most plentiful. At higher v" the diminution due to the increasing numerical value of the b term seems to be counteracted by something else, and in the irregular group there is no clear sign of any falling off of the doublet separation with increasing K in the 3 -> 3 bands.
I t thus appears th a t the change with K for the upper levels is on the whole in the same sense as th a t for the 2 p ZIT levels. We hope to deal with later paper.
If the irregular levels of the 3 -> 3 band be excluded, then it is found th a t the total doublet separation is greatest a t the lowest K" level {K" = 1) and then diminishes as K" increases, slowly a t first and then more rapidly. The p art + of the doublet width which is independent of K is the extrapolated width a t K" = 0, and is thus a little greater in magnitude than the width a t K" = 1. At K" = 0, a' + a" is the whole width and a t K" -1 it is about 95 % of the wh th a t a' + b ' (1) does not exceed about 5 % of the whole, so th a t a' is almost certainly within a few percent of the average width a t K" = 1 in table 10. Since the numerical value of both b"{K) and b'(K) increase as K increases and the total width dimin as K increases, it follows th a t b " ( K) (and b'(K) ) have the opp appears also th a t a t
Comparison with the helium band spectrum
The only band spectrum to exhibit a fine structure similar to th a t of H 2 is the spectrum of He2. This He2 fine structure was discovered by Monk & Mulliken in 1929. The resemblance between the two is very close indeed. The most obvious differences are due to the fact th a t in the He2 spectrum the alternate dashed fines in the H 2 spectrum are missing owing to the zero value of the spin of the helium nucleus. Thus in He2 the number of band fines is half the number in H 2 for the same K range, and there is nothing to disclose the behaviour of the dashed group of fines. The observations and measurements for H e2 were all made on 0 -> 0 bands.
As in H 2 the only fines in He2 for which the doublets are observed as clearly resolved are those which have 2 p 3I7 as the lower state. These denoted by A and B, corresponding to our regular and irregular gro cases the component of higher frequency is the more intense. For the A (regular) group the average doublet distance a t v" = 0 falls from 0*36 at 1 through 0-27 at K = 5 to 0*22 a t K = 9. This corresponds to 0-204 at 1 through K -3 to about 0-15 a t K = 5 for H 2 a t v" -0 (table 10). The value for He2 starts by being nearly twice th a t for H 2 a t K = 1, and they both fal relative proportions as K increases. For these doublets, Mulliken & Monk (1929) say the intensity ratio was about the same, about 2:1 to 3:1 as estimated visually. Our mean for H 2 a t v" -0 is 2-45 (table 10) . For the B (irregular) leve the lowest ( K " = 2) levels were resolved, the higher K" = 4, 6 and 8 levels appearin as symmetrically broadened fines. At the 2 level the mean Av for He2 was found to be 0-21 cm. Our mean values for H 2 at = 0 fell from 0-15 at K" = 1 to 0-074 at K" = 4 (table 10) so th at the splitting in H 2 is probably closely parallel to th a t in He2 on about half the scale. The rapid contraction of the doublets at v" -0 is not observed in H 2 at higher v". For He2 the intensity ratio of the resolved K" = 2 doublets is given as from 3:1 to 6 :1. Our measures of the intensity ratio of the corresponding doublet for H 2 a t v" = 0 give the weighted mean value 4-07.
Mulfiken & Monk give a valuable discussion of the theory of these fine structures which is particularly interesting where it concerns the intensities of the components (Monk & Mulfiken 1 9 2 9 ; Mulfiken & Monk 1 9 2 9 ). According to this, which is based on a theory of Kramers ( 1 9 2 9 ), the energy differences depend entirely on the inter action energy of the spins and s2 of the two outer electrons, which in the triplet Since the weights of the states are = + 1 the intensities o the components will be in the ratio 2 K + 3 :2 + 1 to Kramers' theory, the states with J = K ± 1 have almost identical energy, and this is attributed by Mulliken & Monk to the 2ITC ( . or regular) states. They are supposed to be so close together as to be completely unresolved and to be lower than the K level, thus giving the observed doublet. The ratio of the intensities of the combined lower levels to the* upper level is (2 + 3 + 2 • -1) -*■ (2 -f 1) = 2 for all K . For the 211 d (B or irregular) levels which are resolved into doublets the K + 1 sublevels are so close as to be unresolved and the 1 level lies above them. For the ratio of the intensities of the components of the resolved doublets, all of which have K" = 2, should therefore be 7 + 5 4-3 = 4. All these intensity predictions are in agreement with Monk & Mulliken's observations on the He2 lines within the limits of accuracy they seem to claim.
Remembering the very close similarity between the fine-structure results of the He2 and H 2 spectra and in view of the striking successes of these intensity relations in He2 one is tempted to carry the theory over bodily from H e2 to H 2. At first sight this seems to be crowned with success, for our H 2 intensities make I (a)/1(b) for the regular group almost independent of all the variables and closer to 2 than to 3, and the value of I(a)fl(b) for the irregular group a t K" = 2 is 4-28 when average v" for 0-3 and actually 4-07 a t v" = 0 against the predicted 4. However, a closer inspection does not place the m atter in quite such a rosy light.
In the first place, the discrepancy between about 2*4, our value of /(a/6) for the A group, exceeds 2 by more than we should have expected. I t is true th a t there are great difficulties in measuring these intensities and their ratios exactly. I t may be th a t our methods are exaggerating the /(a/6) ratio in favour of the stronger com ponent.
A more serious difficulty arises at the B levels. If the ratio is 4 a t the 2 level, on the same basis a t the K -1 level it should be 3 + Our highest single measured photometric value for the irregular levels is 6*1. This is for the line 16802-37 (10(2) 3s32J-*2p3II, 1->1, P2. This p to measure accurately on our plates owing to a very heavy background. Our final assessment of /(a/6) for thisdine, taking into account another (lower) photometric measure and some visual estimates, is 4 to 6 (4); the weight (4) means th a t a value between 4 and 6 is fairly certain, it does not mean th a t 6 is more likely than 4, but it does imply th a t the most probable value is close to 5. For the B levels a t K" = 1 we have no photomicrometric measures. These are difficult owing to the weakness of the 6 components of the composite lines none of which have much intensity. Of the eleven eye estimates for 72'1, Q '\, 1 lines of the 3s 3E -> 2p 3U and the 3 d 3Z ,3IT, 3A systems the three highest have /(a/6) > 5 (0), ^ 5 (0) and ?6 (5). None of the other eight exceed 5 and the weighted mean of all the eleven we pu t a t 5-4. A case could be made out for its being closer to 5 even than 5-4. I t seems very improbable th a t /(a/6) for the lines can be as high as 8. I t is true th at there is not a photometric confirmation a t this level, bu t this method has been checked against visual estimation for a number of undashed lines ending on each of the levels K" = 1, 2 and 4 and on the dashed lines e There is no drastic change in the conditions which would w arrant any expectation of an error approaching a factor of 2 in changing from these to the dashed lines i n , Q' 1, P 'l. This co-ordination of the results, both for H a and Hea, could be made consistent by increasing all the J values by \. This would not affec /(a/6) for the A levels, since the ratio 2 (K +1 + £) + 1 is equal to 2 whatever quantity may be added to K or J . On the other hand, the calculated /(a/6) for the B levels (2 (K + l + £) + l + 2 becomes, for each K , At all K except K = 4 the observed values for H a are all a little higher than culated ratios just as was the case for the A values. The sharp drop to about 1*0 a t K = 4, which seems to be real enough, may be due to a relative reorientation of the sublevels similar to th a t postulated by Monk & Mulliken to account for the con traction of the Av' s a t higher K " values in Hea at v" = 0. This also sets in a t No doubt the close similarity of both spectra means th a t the explanation of their fine spectra is fundamentally the same for both Hea and H a. For each, a consider able body of facts has been assembled but not enough to cover all the possibilities. Further consideration of these seem to be premature and we shall postpone it for the present. An opportunity to return to it may perhaps occur in later papers in which we hope to consider the possibility of fine structure in levels of H a states other than 2pzlJcd.
